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Several runs were made reacting natural silicates with methane, methane-

hydrogen mixtures, carbon, and silicon cerkide.

production of carbon monoxide, metal, and slag.

Reduction occurred with the

The carbon oxides produced account

for 90% of the carbon entering the reaction. Refinements were made in reactor and

inlet tube design.

wo%"v/

Page iii

’

A} panie S

P A R Ao RS

.



-

as -

p———

LW =

———

Jra——

ety P rammatamety

LIE P

™

e B o

%

o

L3y

/

)
o

A

Report No. C765-02-2

CONTENTS
Page

I. OBJECTIVE 1
II. SUMMARY 1
IITI. TECHNICAL DISCUSSION 1

A. Task 2, Igneous Rock Reduction 1

B. Equipment Modification 10
IV. FUTURE WORK (REDUCTION OF IGNEOUS ROCK) 11
V. PERSONNEL 11
VI. EXPENDITURES AND CUMMITMENTS _ 1
Reference 12

Table

Anaelysis of Granite 1
Carbothermal Reduction of Natural Silicates 2
Analysis of Basalt 3
Rock Reactor Carbon Balances L
Rock Reactor Data for Run 15 5
Rock Reactor Data for Run 16 6
Rock Reactor Data for Run 17 T
Spectrographic Analyses of Materials from Rock Reactor 8
Rock Reactor Date for Run 18 9
Rock Reactor Data for Run 19 -0
Rock Reactor Data for Run 20 11
Rock Reactor Data for Run 21 12
Rock Reactor Data for Run 22 15

Page iv



e

e

e

PR o v

T
b i

o biny

-
et o

e,
-

s st

[NP—

prssroranaiy

A,

o mememric

Report No. 0765-02-2

CONTENTS (cont.)

Carbon Monoxide Concentration and Temperature vs Time for Run No. 17
Carbon Monoxide Concentration and Temperature vs Time for RunANo. 18
Carbon Monoxide Concentration and Temperature vs Time for Run No. 22

Triple-Walled Inlet Tube with Bell

Figure

Distributicn List

Page v

R P G TSNS

[PT—————



b RIS

U

PUNI— —
- < K
etz P

3
2

P

Report No. 0765-02-2

I. OBJECTIVE

The objective of this program is to study the reduction of natural silicates
with methane, carbon, hydrogen, and mixtures of methane and hydrogen. Sufficient
data will be obtained to permit & preliminary evaluation of this reaction as a step

in the reduction of silicate materials (lunar raw materisls) to produce oxygen.

II. SUMMARY

The program is divicdel into three tasks: Task 1, Design and Fabrication;
Task 2, Reduction of Igneous Rocks; and Task 3, Reports. Work under Task 1 was
completed during the first quarter of the program (Reference 1).

Under Task 2, several runs were made reacting natural silicates with methane,
methane~hydrogen mixtures, carbon, and silicon carbide. Silicate reduction ac-
companied by the production of carbon monoxide occurred in all of these runs. Up
to 90% of the carbon used in the reactions was obtained as carbon oxides. Coa-

siderable difficulty was experienced with methane inlets of simple design.

The program is proceeding on schedule. Future work will continue to investi-
gate reduction of silicates with methane and carbon.

III. TECHNICAL DISCUSSION

A. TASK 2, IGNEOUS ROCK REDUCTION

1.  Runll
&, Test Conditions

Coarsely ground granite (55.8 g) was placed in an aluminae
crucible and the rock reactor was set up in the usual manner. Analyses of this
granite are given in Table 1. A single inlet tube was used in this experiment. The
crucible was composed of high-purity Alumine with & working temperature of 1900°C.

Page 1
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II1 Technical Discussion, A (cont.) Report No. 0765-02-2

The crucible was 1-1/2-in. OD by 3-1/2-in. high. The tube was of the same quelity
alumine, measuring 1/b-in. in outer diameter with a 2.187-in. wall. The rock
reactor was heated to 1800°C over a period of 1 hour, using an argon flow of 1.55
scfh purging through the melt. These conditions were maintained for 45 min. Hydro-
gen flow was then established at 0.99 scfh; argen flow was stopped completely. In
less than 10 min, the reactor temperature fell from 1800°C to lhTOOC. Argon flow
was re-established at 0.92 scfh with no hydrogen flow. The temperature leveled out
and returned to 1800°C within 30 min. At this point, the Pyrex base broke and the

unit was shut down.
b. Water Production

Some 0.614 g of water (1.07 wt% of charge) was obtained
while the melt was heated to 1800°C with argon flow. An additional 0.22L g (0.4
wt% of charge) of water was obtained during the period of hydrogen flow.

C. Examination of the Reactor

The rock melt had completely leaked into the zirconia in-
sulation surrounding the lower portion of the tungsten susceptor. The lower portion
of the crucible had melted away except for the bottom and for about l/l6—in. of the
wall. The upper portion of the crucible was fractured but not melted. Tne lower
portion of the crucible piece indicated considerable bulging before breakage. The

l/h-in. alumine inlet gas tube was intact, but the lower end showed softening.
d. Conclusions

The gudden, pronounced drop in reactor temperature weas
causea the high heat capacity of hydrogen gas. The furnace does not have the
reserve power to compensate for high hydrogen flow rates. In addition, it is be-
lieved that the alumina crucible cracked by thermal shock. The escape of the moliten
granite led to the breaking of the Pyrex base. A summery of the test conditions and
resulte for Runs 11 through 22 are given in Table 2.

2. Run 12
a. Test Conditions

A sample of the same granite (54.8 g) was placed in a zir-
conla crucible. Inlet gas feed tubes were zirconisa, l/h-in. 0D, for the Jjacket

Page 2
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tube and l/8-in.-OD alumina for the center feed gas tube. The crucible measured
about 1-1/2-in. ID by 3-in. high inside, with a rock depth (before melting) of 1-
13/16-in. and 1-3/16-in. free board. A feed of 0.705 scfh hydrogen to each tube
(1.41 scfh) was established. Over & period of 1 hour the temperature rose to a
maximum of 1200°C at tull furnace load. The hydrogen flow was then reduced to 0.275
scfh in the jacket tube, leaving 0.705 scfh in the center feed tube. Under full
furnace power, the temperature rose to a maximum of 1310°C. The induction unit grid
coil was lowered one notch for possible additional power. Then when excessive cur-
rent was noted in the 25-watt bulb resistor, the grid coil was again raised. Argon
flow was established at 0.660 scfh in the center tube and 0.890 scfh in the jacket
tube. In 42 min, the temperature rose from 11%°¢ to 1800°¢. Hydrogen flow was
then established in the jacket tube at 0.289 scfh with 0.670 scfh argon in the
center tube. The temperature remained at 1800°¢ for 15 min. Argon flow was then
shut off and methane was fed through the center tube. At this point, the Pyrex bhase

broke and the unit wasg shut dovn.
b. Water Production

Some 1.45 g of water (2.6 wt% of charge) was obtained dur-
ing the initial treatment with hydrogen gas. An additional 1.75 g (3.2 wt% of
charge) of water was collected during the period of hydrogen flow at 1800°¢.

Co Examination of the Reactor

The crucible was intact except for a small fracture in the
bottom which allowed the melt to leak into the lower portion of the tungsten sus-
ceptor. The inlet tubes had also broken; presumably ihis occurred when an attempt

wat made to pull them out of the melt at the end of the run.
G- Conclusions

The breaking of the Pyrex base plate was again caused by
molten material iesking through a broken crucible. The high percentage of hydrogen
in the reactor could account for the difficuity in reaching the reaction temperature
because the thermal conductivity of hydrogen is ten times greater than that of
argon. In an argon atmoephere, the circulating water through the induction coil
can carry away heat equivalent to 0.3 kw (4.29 kel per min); in & hydrogen atmos-
phere the equivalent loss is 3.1 kw. This is & large portion of the total 10 kw
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of power produced by the unit. Again, the breaking of the crucible cvan be accounted

for by the thermal shock upon the introduction of hydrogen.
3, Run 13
a. Test Conditions

A sample of granitc (72.9 g) was placed in a zirconia
crucible (same as Run 12). A single 1/4-in. OD by 1/8-in. ID zirconia inlet feed
gas tube was used. A feed of 0.36 scfh argon vas maintained while the crucible was
heated to 1800°C; then 0.12 scfh of a 95% CH), + 5% Ho mixture was fed into the
crucible along with the argon. The inlet tube broke off shortly after the methane

stream was turned on and the run was terminated.
b. Examination of the Reactor

The break was approximately l-}/h in. above the melt ievel
and could have resulted from thermal shock when the methane stream was turned on.
The crucible was intact and the Pyrex base was not broken. A small portion of the
melt appeared to have leaked through small holes in the crucible and caked the
insulation that was supporting the crucible. No quantitative data were obtained

during this yun.
k. Run 14
a. Test Conditions

A sample of grenite (97.9 g) was placed in a zirconia
crucible. A single 1/4-in. OD vy 3/16-in. ID thoria inlet gas tube was used. A
feed gas of 0.12 scfh of argon was maintained in the crucible througheut the run.
In addition to the argon feed, an argon purge of 1.5 scfh was maintained in the
bell jar throughout the run. The purpose of the argon purge was to sweep the
products of combustion repidly from vhe bell jar and to minimize the cooling effect:c
of hydrogen. When the crucible temperature reached 1%50°C surging was noted in the
menometer which measures the feed gas line pressure drop. This 1s believed to be
caused by the argon gas bubbling through the molten granite. After about » min the
bubbling stopped, indicating that the inlet tube had broken off above the liquid
level. The Pyrex base cracked when the temperature reached l690°C; because the
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III Technical Discussion, A (cont.) Report No. 0765-02-2

crack 1 .s small, the run was continued. A flow of G.06 scfh of 95% CH), + 5% H, was
fed through the inlet tube when the crucible reached 1800°C. After a few minutes &
small amount of carbon vas observed ccllecting on tre bell jar. The methane rate
was increaseq to 0.12 scfh after a&bout 10 min. More carbon was noted on the dell
Jar, and ofter 15 min the inlet tuve clogged. An analyeis of the proéuct gas shcwed
inat there vas some carbon monozid: present, but quantitative data could not be

obtained.
b. Examinatior of the Reactor

The thoria inlet tube was found broken off 2-5/8-in. from

_the outlet end (i.e., about 1~l/2-in. ebove the 1iquid level). The broken piece of

thoria could not be found in the melt. However, a thin w.ite layer was noted on

the bottom of the cleas light-greeﬁ glass. This white layer wes believed to be the
remains of the thoria tube which was dissolved by the gliass. The crucikie was in-
tact tut had leaked a very small amount through several small holes in its wall.

The walls of the crucibles did not seem to have bLeen bulged or tininned so it is
conciuded that the leaks were caused by imperfection in the crucible. The portion
of the inlet tube which remained in place was clogged with carbon formed by pyrolysis
of the methane.

5. . FRun 15
a. Test Conditions

Run 15 was the first of a series of runs using carbcn or
sllicon carbide as the reducing agent. The conditions and results of Runs 15‘
through 22 are summarized in Table 2. Methane was used only in Run 15. The analyses
of granite and basalt used in these runs are listed in Tables 1 and 3. Table k4

summAarizes the carbon balance for each of the runs.

) In Run 15, a zirconis crucible was charged with basalt
(99.1 g) and carbon (3.0 g); the methane inlet tube was prcvided with an outer
Jacket for cooling hydrogen. The inlet was fabricated from zirconia and aluming
tubes. The reactor was heated with the following flowc: argon purge (0.48 scfh),
cooling Ky (0.33 scfh), end inlev Hy (0.205 scfh). At 1100°C, carbon monoxide
evolution was first noted as the temperature was gradually raised; che evolution
of carbon monoxide continued for 2-1/2 hours and then rapidly decreased. The maximum
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III Technical Discussion, A (cont.) Report No. 0765-02-2

temperature which could be reached was 1590°C. A methane-hydrogen (95/5%) mixture
was initiated at 0.1 scfh and maintained for 43 min. During this time the carbon
monoxide content of the exit gas increased. The experiment was terminated when

carbon began to accumulate on the induction coils. The conditions throughout tbe

entise run are given in Table 5.

b. Results

Inspection of the reactor showed that the inlet tube as-
sembly had melted about 1/2-in. from the end but remained open to deliver methane
above the melt surface. Magnetic metal (5.98 g) was recovered. The total sarbon
monoxide recovered corresponded to 3.17 g of carbon (i.e., 90% of the amount of
carbon added to the charge).

c. Conclusions

Hyarogen cooling of the inlet tube aids in keeping the inlet
tube open. The fact that the reaction continued even after the inlet tube -had
melted at the tip and injected methane above the surface of the melt suggested a 1t
new design for inlet tubes. This design is discussed under Section ITI,B (Equip-
ment Modification). It was also decided to make & series of runs with carbon-rock
mixtures in order to determine the temperatures and rates of the various reduction
reactions and 1> what extent the carbon could be recovered. At the same time, im-
Proved inlet tube and reactor designs were being fabricated so that the. more

difficult methane reduciions could be carried out at a later date.

6. Run 16 b

e

&. Test Conditions

Run 16 was designed to react basalt with enough carbon tu i
reduce all of the irou oxides and some of the silica to determine the temperatures
and rates of the reduction reaction. A zirconia crucible was charged with basalt )
(50.1 g) and carbon (5.0 g) and pleced in the reactor. An argon purge (0.96 scth) - :
was used to sweep the product gases from the reactor. A record of the variables
observed during the reaction is given in Table 6. The carbon monoxide content of
the product gas gradually increased over & time period of 3 hours and 4O min. At
1660°C, the reaction became very vigorous and & large amount of sublimate began to
deposit on the induction coils; a% this time the run wes terminated.
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b. Results

The production of carbor monoxide occurring at the low
tempersiures was due to the reaction with iron oxides. This reaction became very
vigorous at higher temperatures and caused a large amount of sublimate to be carried
out of the melt. The amount of carbon recovered as carbon monoxide and carbon dioxide
corresponded to 66% of the carbon in the charge. Examination of the reactor
indicated that consilerable frothing of the melt had occurred.

Te Conclusions

The rate of temperature rise was too rapid to keep the
reaction under control and obtain good cerbon balances. Runs 17 through =2 vere
made using slower heating rates.

T- Run 17
a. Test Conditions

A mixture of basait (50.12 g) and carbon black (5.02 g) was
placed in the silicate reactor using a zirconia crucible. Tungsten wire (2.75 g)
was placed in che crucible to test compatibility witn the materials of the reaction.
Tre argon purge was set at 0.96 scfh through the reactor and the temperature was

slowly raised. The variab.es during the run are given in Table T.

Figure 1 illustrates the variation in temperature and car-
bon monoxide content of the gas with time. The temperature was slowly raised to
1400°C over a veriod of 3-1/2 hours. During this {imr, carbon monoxide was evolved,
Ziving a peak value of 3.353 vol% in the outlet gas before dropping to 1.60%. This
tempera.ture‘ and rate of carbon mono-xide evolution were maintained for 1-1/2 hours;
the temperature was then raised to 1520°C where the carbon monoxide evolution in-
creased to 6.29%. After 1-1/2 hours, the carbon monoxide evoluticn again fell
until the temperature was increased to 1670°C where the carbon monoxide content rose
to 11.1%. The temperature was raised to 1730°C , but the carbon monoxide content
rapidly fell to less than 2% before the run was terminated.

b.  Results and Conclusions

The initial peaks of r~arbon monoxide evolution represent
reduction of iron oxide. The basalt sample co.teined 11.80% of iron oxide (as Feeo,.‘)
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III Technical Discussion, A (coqt.) Report No. 0765-~02-2
and would require 1.34 g of carbon if present as Fe205. The carbon monoxide evolved
for the first 2-1/2 hours represents about 1.0 g of carbon. Other reducible
materials in the basalt were titanium oxide (2.47% as T102) and sodium oxide (3.73%
as Naeo). These oxides would consume O.43 g of carbon. Consequently, only 35% of
the carbon could have been oxidized by materials other than silica. The fact that
89.1% of the carbon was recovered as carbon monoxide indicates that a considerable
portion of the silica of the sample was reduced at temperatures as low as 1550°C.
Only a small amount of material (14.1 g) remained in the crucible; part of this was
metal (7.38 g). Metal beads were also found on the inner side of the tungsten

susceptor.

Analyses of the slag, metal, and sublimate are listed in

Table 8. The slag contained 85% aluminum; the metal contained 66% iron, 13% tungsten,

and 10% silicon. The sublimate conteined 61% of the highly volatile sodium. The
fact that the tungsten was dissolveu in the metal indicates that tungsten crucibles

cannot be used in this reactioa.

8. Run 18
a. Test Conditions

A mixture of granite (50.0 g) and carbon (5.0 g) conteined
in & zirconie crucible was placed in the reactor. With the argon purge set &t 0.96
scfh, the temperature was slowly raised over a period of 8 hours. The variables
during this time are given in Table 9. Figure 2 shows the variation of temperature
and carbon monoxide percentage in the product gas. Tue experiment was continued

until the carbon monoxide percentage dropped to nearly zero.
b. Results and Concluslons

Much less carbon monoxide was produced at low temperatures
(ebout 1000°C) than was obtained in Run 17. This is due to the lower peicentugee

of reducible oxides in the granite which contained only small amounts of iron

oxide (2.05% as Fegoi), sodium oxide (3.10%), and potassium oxide (4.90%). These
oxides would require 0.85 g of carbon for complete reduction (i.e., 17% of the
initial carbon chérge). Carbon oxides recovered account for 7}% of the carbon; the
silica reduction therefore accounts for most of the carbon monoxide evolved at
1550°C or higher. <Tne slag moterial had non-magnetic pleces of metal dispersed
throughout. The lack of & carbon balance could be due to reaction of silicon with
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III Technical Discussion, A (cont.) Report No. 0765-02-2

carbon to form silicon carbide. An analysis of the slag (Table 8) showed that it
contained 2.3% carton (or nearly 20% of the carbon charge). Seven percent of the
carbon is uneccounted for. The results of this run show that reduction of silica

in granite can occur at useful rates at temperatures as low as 1550°C.

9. Runlg

Run 19 was a repeat of Run 17 except that an alumina crucible
was used. Data obtained during the run are given in Table 10. The'rate of tempera-
ture rise is close to that for Run 17 but the final temperature reached was oniy
1612°C, compared to 1650°C in Run 17. The a.npimt of carbon recovered (78%) is also
less than that recovered in Run 17. Inspecfion of the alumina crucible after the
run showed that it had sagged and broken. Due to the lov final temperature and
Lbroken crucible, only 78% of the carbon was recovered as carbon oxides.

10. Rus 20 and 21

Run 20 was a repeat of Run 18 except that a coarse-grained zir-
conis crucible and smaller quantities of reactants were used (42.0 g of granite and
4.2 g of carbon).- The data obtained during the run are given in Table il. A slight-
ly higher témpcrature vas reacned at the end of Pun 20 than was reached at the end
of Run 18. The amount of carbon recovered as carbon monoxide is 67.6% compared to
65.3% in Run 18. The crucible and melt were recovered intact from this vun. In
Run 21 this crucible and its contents were reheated to 1770°C to recover more of
the carbon &s carbon monoxide. The data are given in Tavle 12. Additional carbon
(0.49 g) was recovered as the oxide. The %otal amount of carion recovered is 88%
of the charge of Run 20 (Table 4). The analysis of the metal produced in the reac-
tion gave 64.9% iron and 19.5% silicon.

1i1. Run 22
) a. Test Conditions

A run vas designed to determine the temperature and rate of
the reaction between silicon carbide and granite. Because silicon carbide can easily
form trom silicon and carbon present in the reaction mixtures of the above runms,
carbon losses would be realized if s.!icon carbide remsined unreacted in the mixture.
Granite (37.5 g) was mixed with finely divided silicon carbide (12.5 g) in & zir-
conia crucible and gradually heated in the reactor to 17}830. The data obtained

Page 9
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during this run is given in Table 13. Figure 3 shows the time rise in temperature
and carbon monoxide content of the exit gas. Almost no re&ction took place below
1100°C; about 7% of the reaction took place between 1100 and 1500°C. As ‘he tempera-
ture was slowly increased from 1500°C to 1"{3800 , the reaction rate graduslly in-

creased and then rapidly decreased as most of the cerbon was cornsumed.

b. Results and Conclusions

- ey

About 83% of the carbon in the silicon carbide was recovered .

as carbon monoxide and carton dioxide (Tatle 4). Only a small amount of a dark-
colored metallic-lnoking slag was left in the crucible. Although exact quantitative
data could mot be obtained, it was estimated that not more than 9% of the carbon was
left in the slag. The rest was probably trapped in the crucible walls and in the
crucible cover, both of which were noticeably blackened. The crucible was intact
although it had been appreciably penetrated by carbon and other components of the
melt. The zirconia granules (14 to 36 mesh) which were used for insulation around
the susceptor were also caked at the top and bottom, indicating that they may also

nave entered into a reaction with a small amount of the carbon. The analysis of /,

the metal recovered from the melt gave 58.6% iron and 28.0% silicon. These results
indicate that if silicon carbide is formed from a reaction between granite and.
carbon, an excess of granite will react with the carbide to produce silicon and
éarbon monoxide. The rate of this reaction is comparable to the production of car-

bon ronoxide from granite and carbon.
B. EQUIPMENT MODIFICATION

1. Cooling Hydrogen

Early runs (11 to 14) have shown that it was not possible to ’
maintain & high reactor temperature when large quantities of hydrogen were passed
into the reactor. This is partly because of the cooling effect of the hydrogen and
partly due to the poorer insulating ability of the hydrogen-filled insulation;
hydrogen in fact has about a 10-fold larger thermal conductivity than argon.
Therefore, in future runs the amount of hydrogen used for cooling a.nd/or methane
dilution will be maintained at an absolute minimum. In addition to this, provision
is being made for an argon purge to keep the hot zone of the reactor filled with ;
argon rather than .ydrogen.

HPage 10
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3

2. Inlet Tube Design

A more elaborate inlet tube has been designed and constructed for
the methane inlet to the molten rock (Figure 4). 1In this design, three concentric
alumina tubes are used. The inner tube carries the methane and the other two carry
the hydrogen coolant. The hydrogen is discharged above the hot zone in the furnace.
In addition to the triple-walled tube, an inverted bell consisting of a 1-in.-OD
closed-end zirc-nie tube is used. This inverted bell serves as & reaction chamber
where the methane can be thermally decomposed in the vapor space above the molten
rock. The finely divided carbon-hydrogen mixture is then forced out thrrugh serra-

.tions in the bottom of the "bell" and up through the moiten rock where the carbon

reacts with the oxides #and silicates. In this design, the tip end of the triple-
walled tube can be near the top of the hot zone or, if necessary, above the hot
zone to minimize cracking of methane and eventual clogging of the inlet tube. This
tube will be tested in the near future.

IV. FUTURE WORK {(REDUCTION OF IGNEOUS ROCK)

Reduction of silicafe materials with carbon and with methane-hydrogen gas
mixtures will be continued. New inlet tubes will be tested. New and better materials
of construction will be sought and tested in order to permit operation for longer
reriods of time and at higher temperatures so as to facilitate better carbon re-

coveries.
V. PERSONNEL

The senior staff asgigned to this program was comprised of S. D. Rosenberg
(Project Engineer), G. A. Guter, and F. E. Miller.

VI. EXPENDITURES AND COMMITMENTS

Approximetely 1000 man-hours and $14,200 were expended on Contract NAS T-225
during this report period.
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TABLE 1

ANALYSIS OF GRANITE
(Cactus Plats)

Ch 1 8is Spectrographic sis
Constjtuent L Constifuent fféi:
8102 Si 28,

71.58
11203 15.53 Al 11,
120 4.90 K 4,7
NQZO 3.10 Na 2.1
1‘0203 2.05 Fe l.4
Ca0 0.70 Ca 0.42
MgO 0.61 Mg 0.23
loss at 105°C, H,0 0.25 ™ 0.14
Loss between Mn 0.043
105 and 600°C, HZO 0.20 Pb 0.022
.ar 0.021
Sr 0.011
v 0.0037
Ga 0.00%6
Cu 0.0028
Cr 0.00075
Ba trace
co trace
N trace
Other elements nil

Table 1
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Report No. 0765-02-2

TABLE 3

ANALYSIS OF BASALT
(Pisgah Crater)

o —Spagtrographic Analysis
T —T ¥ T T A
840, 46.48 Si 217.
41,0, 16.27 Al 11,
Fo,0, 11.86 Yo 6.5
Cal 9.05 Ca 2.1
MgO 8.50 Mg 5.0
Fa 0 3.73 Na 1.2
0, 2.47 ™ 1.3
s0, 0,00 Mn 0.1%
Sr 0.042
Loss at 105°C, B,0 0.28 Zr 0.022
Loss between v ‘ 0.018
105° and 550°C, 5,0 0.33 Cr 0.016
N 0.010
Cu 0.0033
Ga 0,0034
co 0.0031
Ba trace
Other elements nil

Table 3
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Run
No,
15
16
17
18
19
2l
22

Carbon
Charged

POV S
3.50
5.00
5.02
5.00
5.00
4.20
375

i BTN

TABLE k4

ROCK REACTOR CARBON BALANCES

Carbon Recovered

co

3406
2.96
4.47
3.26
3.19
3.34
2.99

z:i_
0.11
0.35
0.05
0.39
0.69
0.36
0,10

Report No. 0765-02-2

Total

317
3.31
4.52
3465
3.88
3.70
3.09

Table 4
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FOR RUN NO. 17 (BASALT + CARBON)
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